Summary -Rhabditis rainai n. sp. is described from the gut and head of sick Formosan subterranean termites (Coptotermes formosanus) collected in New Orleans, LA, USA (isolate LKC20). Rhabditis rainai n. sp. is a hermaphroditic species with an unusual prerectum, four denticles per glottoid swelling, enlarged posterior stoma, three paired lip sectors, protruding posterior anal lip, and five ridges in the hermaphrodite lateral field. Males generated from starved bacterial cultures have three lateral field ridges and a notched peloderan bursa with only eight rays. Male spicules are distinctive with a round but truncated head, constricted neck, narrow shoulders, nearly straight blade with distal tenth upturned, and rounded tips supporting a curved ventral arch. Males of LKC20 were mated successfully with hermaphrodites cultured from a Fiji Islands soil (isolate PS1191). In subsequent crosses, male progeny were fertile as expected for conspecific populations. Differences in morphometrics of cultured specimens that were heat-killed or fixed is demonstrated. Rhabditis rainai n. sp. was compared to R. blumi and R. adenobia, but does not fit clearly within the current subgenera of Rhabditis or genera of Rhabditidae. Nematode-termite relationships and possible origin of R. rainai n. sp. with Formosan subterranean termites from Southeast Asia are discussed.
The Formosan subterranean termite Coptotermes formosanus Shiraki, 1909 is a non-endemic pest found in the southern United States. An unthrifty colony in Louisiana, USA was discovered to have juvenile and hermaphroditic adult nematodes inside the termite guts and heads. The nematode was cultured on bacteria and designated as population LKC20. Population PS1191, cultured from soil from the Fiji Islands, was compared morphologically and successfully mated with males of the termite population. Both populations were determined to be new and conspecific and are described here as Rhabditis rainai n. sp.
Materials and methods
Termites were collected by Weste Osbrink and isolated by Ashok Raina (Formosan Subterranean Termite Research Unit, USDA-ARS, New Orleans, LA, USA) in July 2000 from a bucket trap at the University of New Orleans. Termite guts were dissected from live adults and placed on both water agar and nutrient agar where nematodes emerged. This population, referred to as LKC20, grew on a bacterium associated with the termite gut that flourished on nutrient agar and was then subcultured on NGM (nematode growth medium) agar plates with E. coli OP50 (Stiernagle, 1999) . Population PS1191 was isolated on NGM plates of E. coli from soil particles from Kioa Island, Fiji, by Will Boorstein (California Institute of Technology, Pasadena, CA, USA) in September, 1992. The generation time of both populations was measured at 20 and 25
• C from eggs of one generation to the second after daily plate transfers of the hermaphrodite. Brood size was determined by transfer of individual fourthstage juvenile (J4) hermaphrodites to single plates over 5 days until no more eggs were laid. Images and measurements were made with a Zeiss Ultraphot III micro-Rhabditis rainai * n. sp. (Figs 1-4) 
MEASUREMENTS
Type population LKC20 and population PS1191. For both fixed, and live, then heat-inactivated hermaphrodites see Table 1 ; for males, see Table 2 ; for dauer juveniles, see Table 3 . For diagnostic measurements comparing old and new values for Rhabditis adenobia, R. blumi, R. silvatica, including R. rainai n. sp. range for all populations, see Table 4 for hermaphrodites and Table 5 for males.
DESCRIPTION

Hermaphrodite
Lip region high (3.5-4 × 18-27 µm lip base diam.), not offset. Six globose lip sectors fused pairwise (two dorsal sectors, right ventral and subventral sectors, left ventral and subventral sectors) separated by three deep grooves, one ventral and two dorso-lateral, with large apical inner labial sensillae, smaller subcuticular, lateral, outer labial and cephalic sensillae, and two oval, lateral amphidial apertures seen with SEM. Cheilostom not cuticularised. Isomorphic, metastegostom bases, each with four denticles, most easily viewed dorso-ventrally. Anterior gymnostom diam. near lips ca 72-79% of diam. of expanded stegostom base (5.1-6.6 µm). Collar extending 44-77% of buccal cavity length (buccal cuticle of stegostom plus gymnostom), or 35-61% of stoma length (buccal cavity plus lip length). Robust procorpus tapering outward toward centre, slightly swollen, but not curved and expanded like a median bulb. Procorpus ca twice length of isthmus, ca equal to isthmus and terminal bulb. Terminal bulb comprising 75% of isthmus length, with centrally positioned valvular apparatus anterior to duplex haustrulum. Deirid located eight annules posterior to, and outside of, first two lateral lines, ca five annules (6-7 µm) anterior to level of excretory pore. Excretory pore 1.5 µm diam., anterior or posterior to terminal bulb in fixed specimens, at mid-isthmus to terminal bulb level in live specimens; cuticularised duct curving laterally inward before branching anteriorly and posteriorly. Lateral field composed of five ridges at midbody, with total of six to eight lines sometimes visible. Dorsal and ventral side cuticle Stoma and pharynx, lateral view LKC20; C: Stoma, ventral view, PS1191. each having at least 16 interrupted longitudinal lines beginning at level of pharynx, ending anterior of tail. Vulval lips protruding in some gravid individuals. Anterior gonad length from vulva to reflex at distal gonad arm, slightly longer than posterior gonad arm; dorsal arm extending 80-100% of ventral arm. Lengths of both gonad Male. A: Tail, ventral view, showing rays, appendage (APP, arrow) and phasmid (P, arrow) Riddle (1988) and Ward et al. (1975) . .8 ± 2 15.6 ± 1.1 15.9 ± 1.6 11.9 ± 0.9 (12.2-20.8) (13.3-17.2) (12.0-18.5) (10.4-14) b
6 .2 ± 0.5 5.5 ± 0.7 5.4 ± 0.4 4.9 ± 0.5 (5.3-7.2) (4.2-6.7) (4.7-6.5) (4.4-6) c 2 1 .1 ± 1.9 19.6 ± 2.2 22± 1.6 21.6 ± 2.7 (16.8-23.9) (17.3-23.5) (18-24) (18-28) c 1.
( 3 .4 ± 0.5 3.8 ± 0.6 3.9 ± 0.6 3.9 ± 0.5 (3-4.6) (2.6-4.5) (3.3-4.8) (3.1-4.5) c 8 .0 ± 0.4 8.9 ± 2.2 9.0 ± 1.8 9.3 ± 2.3 (7.7-8.6) (5.5-11.9) (6.8-11.6) (6.5-14.1) c 3.5 ± 0.25 3.8 ± 1 3.6 ± 0.2 3.5 ± 0.4 (3.1-3.8) (2.4-4.9) (3.4-3.9) (2.7-3.9) Max. body 20 ± 3 22± 3 27± 4 25± 3 diam.
( 
(1-3) (1.7-2.6) (2.6-2.6) (2-3) Excretory 91 ± 5 105 ± 5 121 ± 7 121 ± 7 pore to lips (86-99) (97-114) (112-131) (118-127) 1 Distance from anterior end to middle of gonad primordium as % of body length.
flated, 1-1.6 anal body diam. long. Lower lip of anus variably protruding. Phasmid openings on papillae, 20-50% of tail from anus to tip. Conical, attenuated tail tapering smoothly.
Male
Stoma as for hermaphrodite. Faint lateral ridge present on cuticle at level of anterior isthmus, becoming three faint lines behind excretory pore level until distal testis level; then three faint ridges throughout midbody, ending as one near bursa. At least four interrupted cuticular longitudinal lines on dorsal and ventral sides next to lateral fields, ending with eight per side anterior to tail. Testis 38-73% of body length, with ventral reflex 15-30% of testis length. Prerectum present. Oval-shaped, open peloderan bursal velum with notch at tip with variable degree of indentation. Eight genital papillae (GP) or rays integrated into bursa. Ray pattern (1 + 2 + 3 + 2), first three pre-cloacal. Distance between rays 1 and 2 greater than between 2 and 3; distance between rays 3 and 4 slightly greater than between 4 and 5; distance between rays 6 and 8 twice distance between rays 5 and 6. Distal end of sequentially numbered rays 5 and 7 directed dorsally out of bursa, not extending to perimeter of bursa. Minute, very tiny paired papillar appendages visible between rays 7 and 8 in superficial ventral view, with slender canal of paired phasmids visible in deeper focal plane, lateral to papillar appendages; phasmid openings anterior to bursal notch, inside 8th pair of rays. Spicules separate with axis slightly curved, head apex flattened with slight bifurcation; constricted 'neck' or calomus region of shaft anterior to narrow shoulders; blade converging until the final tenth of its length with upward 35-40% curvature from blade axis; distal tip rounded, bearing ellipsoid, curved ventral arch. Spicule 36-59 µm long measured directly from head to tip, 2-8% shorter than the 37-61 µm distance along spicule axis. Gubernaculum in lateral view with medial fin-like expansion between half to two thirds distance from anterior end; minor expansion sometimes visible anterior to major one; in ventral view an ellipse with truncate ends. Three pear-shaped rectal glands located at intestinal-rectal junction.
Dauer juvenile
Ensheathed, with narrowed stoma, distally occluded. Nictation behaviour not observed. Prerectum not observed. Four lines in lateral field beginning at middle of procorpus, ending on tail.
Egg
Oval, egg shell hyaline without visible markings. LKC20 population (n = 20) length 60 ± 9 (47-80) µm; diam. 37 ± 4 (29-45) µm. PS1191 population (n = 20) length 61 ± 3 (55-66) µm; diam. 35 ± 3 (29-42) µm.
TYPE HOST AND LOCALITY
The type population, LKC20, was found in the gut and head of Coptotermes formosanus at the University of New Orleans, New Orleans, LA, USA.
OTHER LOCALITY
The second population, PS1191, was isolated from soil particles from Kioa Island, Fiji.
TYPE MATERIAL
Holotype (LKC20 hermaphrodite, ventro-lateral view in glycerin) from bacterial subculture on NGM agar with E. coli OP50, originally isolated from Formosan subterranean termite. Slide deposited in the USDANC, Beltsville, MD, USA. Paratypes (hermaphrodites, males) deposited in USDANC, Beltsville, MD, USA, population LKC20: 20 hermaphrodites, 18 males; population PS1191: 20 hermaphrodites, 20 males; Population LKC20 at other locations: the Florida Collection of Nematodes Gainesville, FL, USA (nine hermaphrodites, two males); the University of California, Riverside, Nematode Collection, Riverside, CA, USA (nine hermaphrodites, two males); Rothamsted Experimental Station Nematode Collection, Harpenden, Hertfordshire, UK (ten hermaphrodites, two males); the German National Collection, DNST, Münster, Germany (nine hermaphrodites, two males); and the Zoosystematical and the Ecological Institute, Eötvös Loránd University, Budapest, Hungary (ten hermaphrodites, two males).
DIAGNOSIS AND RELATIONSHIPS
Rhabditis rainai n. sp. is characterised by a hermaphroditic condition with males rare in nature, adults of each sex having a prerectum, papilliform phasmids, lip sectors fused in three pairs separated by grooves, and curved base of metastegosom wider than gymnostom, each glottoid swelling supporting four denticles. Hermaphrodites have a protruding posterior anal lip and the midbody lateral field has five ridges with three more lines sometimes visible. Males have three ridges in lateral field, bursa with posterior notch and eight rays; gently curved spicule with apically flattened, otherwise rounded head, constricted neck, narrow shoulders, final tenth of blade angled 35-40
• from main axis with rounded distal tip supporting small ventral arch.
Rhabditis rainai n. sp. differs from species in the Rhabditis (Oscheius) dolichura-group (Sudhaus & Hooper, 1994) which have nine bursal rays and spicules with swollen, uncurved distal tip without a ventral arch and minute, rather than elongated, stomatal teeth without an enlarged posterior stoma. Rhabditis rainai n. sp. differs from leptoderan-tailed, nine-ray species in the Rhabditis (Oscheius) insectivora-group (Sudhaus & Hooper, 1994) in having a peloderan tail with eight rays, expansile rectum and spicule lacking a distal hook. Rhabditis silvatica has a prerectum, but differs from R. rainai n. sp. in having a median pharyngeal bulb, three stomatal teeth, nine bursal rays with leptoderan male tail, lower 'b' ratio (4.5-5.6 vs 5-9.9) (Table 4) , and smaller spicule axis length (34-38 vs 38-64 µm). Rhabditis rainai n. sp. differs from Rhabditis (Rhabditis) blumi Sudhaus, 1974 and from Rhabditis (Rhabditis) adenobia Poinar, 1971 (Sudhaus, 1974 in the hermaphroditic condition with rare males induced by starvation, a peloderan rather than leptoderan tail, spicule not sabre-like with gentle neck curvature, wide shoulders, or with a blade curvature at 15-20% of length, but with less acute spicule tips bearing a unique ventral arch.
Compared to R. (R.) adenobia (Poinar, 1971) , R. rainai n. sp. has a wider hermaphrodite body (P < 0.001 unless otherwise noted) (LKC20: 79, PS1191: 92 µm, range (56-149) µm vs R. adenobia 1971, 55 (46-69) µm; or 2005, 61 (52-67) µm), and lower hermaphrodite a value (LKC20: 14.5 (11-17), PS1191: 14.3 (12-16) vs R. adenobia 20.8 (19-24) ). Rhabditis rainai n. sp. LKC20 males have a longer body length than R. adenobia (1001 (860-1169) µm vs 926 (768-1248) µm, P < 0.01), while population PS1191 males have a shorter male body length (739 (694-817) µm), and shorter stoma (19 (18-20) µm vs 22 (20-24) µm, P < 0.001). Rhabditis rainai n. sp. has a shorter stoma collar (6 (5-8) vs 10 (8-14) µm) and longitudinal cuticular markings unlike the amorphous cuticular pattern seen in fixed R. adenobia.
Compared to R. blumi (Sudhaus, 1974 Qualitative features also differed between live cultures of R. blumi and R. rainai n. sp. Even well-fed individuals of R. rainai n. sp. had remarkably clear bodies with very few refractive globules of different shape, size and et al. (1995) ; stoma L for R. adenobia derived from "length stoma" (= buccal cavity or stegostom plus gymnostom) plus "length free portion of lips" in Poinar (1971).
distribution; the cuticle was very coarsely annulated and tessellate. The stoma had more prominent circular striae and the excretory pore was consistently anterior to the pharyngeal-intestinal junction, the unusually convoluted excretory canal having to be traced through a number of focal planes. In R. blumi the intestine was extremely narrow and the posterior gonad at the curve of the reflex made a loop around and under itself and then around the intestine. In contrast, the R. rainai n. sp. gonad severely deformed the otherwise broad intestine in the midbody region and there was a simple fold in a single plane of the gonad reflex similar to that in R. adenobia. The gonad flexures extended closer to the anus and pharyngealintestinal junctions in R. blumi than in R. rainai n. sp. Observations of heat-inactivated R. blumi females, plus active females with intestinal movement, showed there was no constriction of the posterior intestinal lumen nor any tethering fibres from the body walls. However, in R. blumi males the vas deferens had an unusually large lumen that had a similar appearance to a prerectum in R. rainai n. sp. The somewhat similar morphological features of Rhabditis blumi and R. rainai n. sp. are supported by some molecular characters from three genes (Kiontke & Fitch, 2005 ) that showed Rhabditis PS1191 in a clade with Rhabditis blumi having 100% bootstrap support. In this tree, R. rainai n. sp. PS 1191 was distantly related to the leptoderan Rhabditis (Oscheius) insectivora-group (Sudhaus & Hooper, 1994) .
Remarks
HERMAPHRODITES
While both populations LKC20 and PS1191 had overlapping morphometric measurements, some significant variation (P < 0.001, unless otherwise noted) was noted among population averages. This occurred in surprising patterns both between the two geographic populations and within each population for live, heat-inactivated, or for worms fixed and processed to glycerin. Rhabditis rainai n. sp. PS1191 hermaphrodites had a significantly longer average tail length in heat-killed individuals (134 vs 102 µm) and a larger c ratio (3.9 vs 2.8). Fixation-associated differences between PS1191 compared to LKC20 (n = 20, PS1191 vs LKC20) were noted in larger values for body length (1268 vs 1120 µm) 
MALES
Staining within the canal of the male phasmid papillae was observed as shown in Figure 2C . The small appendages on the male tail are in the expected position of the missing rays and may be vestigial. Heat-inactivated males of PS1191 compared to LKC20 had significantly (P < 0. 38 µm) , and lower ratios a (11.9 vs 15.6) and b (4.9 vs 5.5, P < 0.025). Fixation-associated differences between PS1191 compared to LKC20 (PS1191 vs LKC20) were noted in smaller values for prerectum length (100 vs 116 µm) and testis length (389 vs 618 µm). Significant differences in measurements associated with fixation occurred within population LKC20 (fixed vs heatkilled) of mid-body diam. (79 vs 97 µm), anal body diam. (28 vs 37 µm), anterior gonad (312 vs 391 µm, P = 0.01) and posterior gonad (279 vs 385 µm, P = 0.005). In contrast, other length measurements from population PS1191 were significantly smaller in fixed compared to freshly heat-killed specimens for stoma length (19.5 vs 24 µm), pharynx length (163 vs 182 µm), excretory pore to lip distance (153 vs 197 µm), prerectum length (105 vs 116 µm) and tail length (105 vs 134 µm).
DAUER JUVENILES
Comparison of heat-killed population PS1191 with LKC20 demonstrated larger body diameter (heat-killed: 25 vs 22 µm, P < 0.025; fixed: 27 vs 20 µm, P = 0.001), smaller a value (17.5 vs 20.9, P < 0.005), longer head to excretory pore distance (heat-killed: 121 vs 105 µm, P < 0.001; fixed: 121 vs 91 µm), and shorter rectum (14.7 vs 17 µm, P < 0.025). A longer tail was noted (52 vs 46 µm, P = 0.025) only in fixed specimens.
A fixation-associated difference was only noted in LKC20 pharynx length (108 vs 119 µm, P < 0.005).
ECOLOGY
In the initial sample of nematode-infested termites, 90% lacked the flagellate symbionts necessary for cellulose digestion while all termite workers had juvenile and/or adult nematodes within their guts. No more than two nematodes were associated with each gut from an initial sample of sluggish termites with reduced grooming behaviour. However, in later samples collected the same month, up to nine nematodes were found in a single gut with a few being sometimes found in the head.
BIONOMICS
Rhabditis rainai n. sp. LKC20 generation time was 3 days at 25
• C and 4 days at 20
• C. Average live progeny brood size for LKC20 (n = 11) was 108 ± 9.4 (58-150), and for PS1191 (n = 9) was 199±15 (41-216), which was significantly larger than LKC20 (P < 0.001). A small number of non-viable eggs were also laid.
Within 2 days of the mating of LKC20 males with PS1191 hermaphrodites, numerous young males were detected on both plates that could be distinguished from hermaphrodites by the characteristic tail swelling, narrower body and relatively rapid movement. These were determined to be cross-progeny of both populations since their numbers were much greater than expected compared to intentionally starved plates used to generate males at levels <0.1%. Male cross-progeny were fertile since subsequent F1 crosses resulted in F2 male progeny. A few PS1191 males were generated from starved plates, but these could not be maintained to produce more progeny for the reciprocal mating of PS1191 males and LKC20 hermaphrodites.
Discussion
The presence of a prerectum in R. rainai n. sp. is unusual for a rhabditid nematode, the other known exception being Rhabditis silvatica Volz, 1951 (Zell, 1983 . The prerectum is characterised by an intestinal constriction some distance behind the rectal sphincter (Caveness, 1964) , where gut contents are isolated before expulsion (Seymour & Doncaster, 1972; Bird & Bird, 1991) . Since many taxonomic descriptions do not include information on the intestine, it is possible that a prerectum may have been missed in taxa where such a character is usually uncommon. The structure is common in terrestrial adenophoreans (Maggenti, 1981) , including Dorylaimida (Ji Hua & Yan Ling, 1999) , Leptonchida (Dhanam & Jairajpuri, 1999) and Chromadorida (Tahseen, 2000) . However, the prerectum has been observed in only a few other secernentean nematodes including Diplenteron potohikus Yeates, 1969 (Rhabditida: Neodiplogastridae) (Yeates, 1969a, b) , Aphelenchoides blastophthorus (Aphelenchida) (Seymour & Doncaster, 1972) , Metacrobeles tessellatus De Ley, Coomans & Geraert, 1990 , Deficephalobus desenderi De Ley & Coomans, 1990 and, occasionally, in Pseudacrobeles macrocystis De Ley & Siddiqi, 1991 . In the cephalobs it was associated with apparently modified pseudocoelomocytes (De Ley & Siddiqi, 1991) .
Notable morphometric variability was demonstrated in this study. Understanding these patterns can be especially useful for accurate diagnoses when measurements from only live or fixed material are available for comparison. While fixation and sampling may partially account for some morphometric differences among R. blumi samples (Tables 4, 5) for live (1974, 2005) and fixed specimens (1983 slide), other factors are also likely. The R. blumi DF5010 population from the CGC (Sudhaus laboratory culture SB140), originally from the South of Valencia, Spain, was first cultured in April 1971 on agar with raw meat or potato. The change in nutritional media to a sparse regimen of E. coli on NGM may have influenced some morphometric differences, especially in female body length/diameter in the a ratio (Table 4) . The long time in continuous laboratory culture could also have provided opportunity for mutations to accumulate. Many C. elegans laboratories request new worm cultures from frozen stock at the CGC every few years to avoid mutational load over time. While most of the qualitative features remained the same for R. blumi, the flagellum was no longer present at the end of the R. blumi tail after culture on E. coli. In one R. blumi culture from the CGC that had been continuously subcultured for nearly 2 years, many tails had shorter, lumpy, profiles, including short stubs similar to the unusual 'knotted tails' detected in various other species of Rhabditis (Osche, 1954; Sudhaus, 1976) . A second CGC culture received in March 2005 had a uniformly tapering tail, but was also shorter, lacking the long flagellum typical of early specimens. The shortened tails account for the differences in the c ratio between the 2005 live culture (7.7-14.8, shortest tail 89 µm), 1983 slide (5.7-11.1, shortest tail 96 µm) and 1974 (7-10, shortest tail 156 µm) measurements (Table 4) . In contrast USA, for technical support and David Carta with statistical programming. We also thank the Caenorhabditis Genetics Centre for Rhabditis blumi DF5010.
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